The beam position monitor system of the Duke storage ring has been in operation since 1998. Recently, by injecting at higher energy with a booster synchrotron, the single bunch current threshold is much more increased. The high peak voltage associated with high single-bunch current degrades the performance of the BPM system and can potentially damage the BPM electronics. To improve the accuracy of the orbit measurement, we carefully studied the BPM signal and found a way to overcome this problem. This paper reports our findings and presents a solution to condition the signal for a wide single-bunch current operation.
INTRODUCTION
The beam position monitor (BPM) system of the Duke storage ring has been in operation since 1998 [1] and providing reasonable reliable orbit data for orbit feedback and various user operations at relatively low beam current. Thirty-four BPMs are currently used to measure the closed orbit of electron beam in the Duke storage ring. Among these BPMs, three types of electodes are used as signal pickups:(1) 30.35 mm long striplines in the north straight section (NSS); (2) 21.64 mm long striplines in the two arcs; (3) buttons in the south straight section (SSS) and NSS. These pickups are connected to Bergoz BPM electronics modules via RG223 cable. In the electronics module, the four signals from each BPM are time-multiplexed into single one to a superheterodyne receiver. A 1-GHz low pass filter (LPF) in each of the four input channel is used to protect the multiplexer from very short, high voltage pulses. For safety reasons, the signal peak after this LPF should not exceed 5 volts [2] .
The electronics module is designed for operating over a frequency range of 178.5 ± 20 MHz [2] , around the frequency of the Duke storage ring RF cavity. The electronics module works from -70 to 5 dBm in this specified frequency range [3] .
Strong beam current dependency had been observed and studied. Steps had been taken to reduce this effect [4] . In the 2006, a booster synchrotron was commissioned and electron beam was successfully extracted from it and injected into the storage ring in the Spring of 2007 [5] . The extraction energy of the booster is from 240 MeV to 1.2 GHz. By injecting at a higher energy, the single beam current threshold of the Duke storage ring is much more increased, e.g. 51 mA single bunch beam was stored in the storage ring at 600 MeV without lasing in March, 2007. The high peak voltage associated with a high single-bunch current degrades the performance of the BPM system and can potentially damage the BPM electronics. To improve the accuracy of the orbit measurement at high single-bunch currents, we carefully studied the BPM signal and found a solution to reduce the peak pickup voltage.
BPM SIGNAL AT DIFFERENT BEAM CURRENT
The Duke storage ring is required to be operated over a wide range of beam current -for some machine studies, the storage ring need to be operated below 1 mA in the single bunch mode; during some user operation, the singlebunch current can be as high as 100 mA. This requires the BPM system to work reasonably well in a range from lower than 1 mA to 100 mA. To test the reliability of the BPM system, we injected 51 mA of single-bunch beam current into the storage ring and monitored the closed orbit as the beam current decayed. The results indicate, as shown in Fig. 1 , the button BPMs, e.g. S02 BPM, work reasonable The BPM signals are also measured in the time and frequency domain. The time domain signal is processed in the folowing way: 1) removing the high frequency components above 1 GHz; 2) fitting the peak voltage of the processed signal as a function of single-bunch beam current. In the frequency domain, the total input power and power in the operating frequency range are also fit as a function of single-bunch beam current, see Fig. 2 . By extending the fit curves, the expected BPM signal strength is then extrapolated and summarized in Table 1 . For all three types of BPMs, the peak voltage into the BPM electronics after the 1 GHz LPF is well above the 5 volts limit.
BPM SIGNAL CONDITIONING FOR LOWER PEAK VOLTAGE
The peak voltage can be reduced by applying broadband attenuators, band-pass filters (BPF) and LPFs. The attenuator attenuates all the components in frequency domain and is not suitable for working over a wide range of beam current. For selecting proper filters, we studied the spectrum of the BPM signal (see Fig. 3 ) which shows that the signal power is distributed in a range from first harmonic of revolution frequency, f 0 = 2.78989 MHz, to 4 GHz and only a very small portion of it is used by the BPM electronics. So it is possible to reduce the peak voltage by using LPF while minimize the signal loss at the operating frequency. Several types of LPFs, including Mini-circuits SLP-200, VLF-320 and VLF-160+, were tested on each type pickup. By using VLF160+ (160 MHz LPF) on stripline BPMs, the storage ring can be operated from 0.5 mA to 100 mA single-bunch current (see Fig. 4 and Table 2 ). The orbit variation is much more reduced; from 32 mA to 5 mA, the horizontal orbit variation is about 12 µm, the vertical orbit variation is 4 µm (see Fig. 5 ). VLF-320 (320 MHz LPF) is suitable for button BPMs. The SLP-200 (200 MHz LPF) can not be used due to its low power handling. 
SUMMARY
The Mini-circuits LPF (VLF-160+ and VLF320) will be used in the Duke storage ring to effectively reduce the peak voltage while maintaining the useful signal for the BPM electronics. [5] S. F. Mikhailov, et al, "Commissioning of the Booster Injector Synchrotron for the HIGS Facility at Duke University", these proceedings, PAC2007.
